SUPPLEMENTARY MATERIAL
vegetation productivity information from TEM to EPPA occurs every five years such that land management decisions can respond to changing environmental conditions over the 21 st century. In this study, changes in land cover area from climate-induced vegetation shifts simulated by SiBCliM also influence land availability in EPPA.
The SiBCliM, which has been extended to also include Northern Europe, uses annual precipitation and the mean monthly air temperatures for January and July estimated from the atmospheric chemistry/climate module of the MESM to determine the distribution of natural vegetation in northern Eurasia for the years 2000, 2025, 2050, 2075, and 2100. There is no feedback of information from TEM or EPPA back to SiBCliM in the current modeling framework. The changes in natural vegetation for each 0.5 o x 0.5 o grid cell over each 25- year period are interpolated to an annual resolution for input to TEM based on the type of vegetation transition predicted to occur (table S1). If the transition is from a biome with relatively little vegetation carbon stocks (e.g. tundra) to a biome with relatively more vegetation stocks (e.g. boreal forest), then 4% of the vegetation cohort in the grid cell is assumed to change each year to mimic successional processes such that the entire vegetation cohort in the grid cell is converted in 25 years. If the transition is from a biome with relatively more vegetation carbon stocks (e.g. boreal forests) to a biome with relatively less vegetation carbon stocks (e.g. grasslands), the vegetation carbon is assumed to be removed from all the vegetation cohorts within a grid cell during a single year as a result of wildfire. However, cohorts in different grid cells are assumed to burn in different years based on the relative amount of precipitation received by that grid cell compared to other susceptible grid cells and by interannual variability in precipitation (figure S1).
With this approach, the total area projected to change by SiBCliM over the region will indeed change over the 25- year period, but more changes will occur during dry years, which experience more burning, than during relatively wet years ( figure S2 ). There is less area burned overall and less variability in the burned areas in the Policy scenario than in the No-Policy scenario over the 21 st century.
To use the SiBCliM information with TEM and EPPA, the land cover [12], land-cover transitions prescribed by Hurtt et al [13] , and potential natural vegetation described by Schlosser et al [9] except for Northern Eurasia where the natural land cover is assumed to be that projected by SiBCliM for the year 2000 and remains constant over the entire historical time period.
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S3. Optimum Fertilization and Carbon Sequestration in Croplands
In TEM, the uptake of atmospheric carbon dioxide by photosynthesis, also known as gross primary productivity (GPP), depends on the availability of soil nitrogen to create tissue at a specified carbon to nitrogen (C:N) ratio. This C:N ratio varies among different plant functional types [14, 15] . If the supply of soil nitrogen is limiting, then GPP is adjusted downward until it reaches the specified C:N ratio when compared to the uptake of nitrogen. Most natural ecosystems are nitrogen-limited as they depend on the release of nitrogen from the decomposition of detritus that varies with seasonally changing temperature and moisture regimes. If the supply of soil nitrogen increases through the addition of nitrogen or increased net nitrogen mineralization by temperature-enhanced decomposition (see section S4), then there is less downward adjustment of GPP so that NPP and biomass increases. For fertilized crops, we assume that there are never any nitrogen constraints on GPP leading to "optimum fertilization." This unconstrained GPP leads to higher NPP and crop biomass than found in most natural ecosystems.
However, the GPP of crops are still subject to constraints imposed by other environmental factors such as light, water availability, air temperatures, and ozone pollution.
When crops are harvested, about 60% of the enhanced crop biomass is assumed to be left in the fields as crop residue [16] to potentially enhance soil organic carbon stocks in croplands [17] . With no-till practices, we also assume that the decomposition rate of soil organic matter will not increase from the breakdown of macro-aggregates associated with tillage [18] and thus allow potentially more carbon to be stored in cropland soils than if the fields had been tilled. In contrast, the conversion of land to food crops causes a loss of carbon during the first year after conversion, which is attributed to croplands in our simulations, and thus diminishes carbon sequestration in these managed ecosystems. Besides the immediate loss of carbon from the burning of fuel wood and part of the slash (i.e. the vegetative debris resulting from the disturbance) generated from the conversion, the contribution of unburned slash to the SiBCliM projects climate-induced vegetation shifts for only northern Eurasia (green) whereas EPPA projects land-use changes for the entire globe (67,420 grid cells, green+gray).
soil initially enhances soil organic carbon and may also enhance decomposition in cropland soils for a number of years [17, 19] . The enhanced decomposition will diminish over time as decomposition rates come more into equilibrium with crop residue inputs so that changes in soil organic carbon become more sensitive to changes in other environmental conditions and management practices. Because forests contain more biomass than pastures, grasslands or tundra, more carbon is lost to the atmosphere and transferred to soils to diminish carbon sequestration from the conversion of forests than from the conversion of these other ecosystems [13] . Therefore, the carbon sequestration currently estimated in croplands indicates that most croplands in the region have been established for a relatively long time and that recent land conversions have been mostly from ecosystems with a low carbon density such as recently abandoned croplands, pastures, grasslands or tundra.
S4. Simulated Effects of Environmental Factors on Ecosystem Metabolism and Carbon
Sequestration/Loss
Without climate-induced vegetation shifts, the differences in carbon sequestration estimated by TEM between the two climate scenarios is related to differences in atmospheric CO2 and ozone (O3) concentrations, air temperature and precipitation (figure S4) and their influence on ecosystem metabolism. The higher temperatures in the No-Policy scenario cause higher rates of decomposition to occur, which makes more nitrogen available for uptake by the normally nitrogen-limited natural vegetation [14, 20] . The greater availability of nitrogen coupled with the higher atmospheric CO2 concentrations and precipitation allows larger increases in net primary production (NPP) to occur to sequester carbon in natural ecosystems such as forests and tundra [14, 21] . Differences in the carbon to nitrogen ratio between woody tissue and soil organic matter allows a woody plant to store more carbon per unit of acquired nitrogen than is lost from the concurrent decomposition of soil organic matter [14] .
As a result, woody ecosystems tend to sequester more carbon than non-woody ecosystems. *Represents only the part of the country that is in the study region *Represents only the part of the country that is in the study region *Represents only the part of the country that is in the study region *Represents only the part of the country that is in the study region *Represents only the part of the country that is in the study region *Represents only the part of the country that is in the study region [25] , but are compared graphically among age classes in Figure 1 of the paper.
